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Abstract In recent years there has been potential increase in the use of alkaline protease as industrial
catalysts. Many major industrial and commercial applications, such as food and textile industries, and
medical diagnoses, are highly dependent on the protease enzyme. In the cell immobilization technique, the
free movement of microorganisms is restricted in the process, and a continuous system of fermentation
can be used. In the present work, this technique has been used for alkaline protease production using
different carriers, such as chitosan, corn cob and corn tassel. Enzyme activity before immobilization (72 h)
was 78.3 U/ml. Corn cob, with 65% immobilization capacity and the highest enzyme activity, was selected
as the best carrier. After immobilization on the corn cob enzyme, activity was obtained (119.67 U/ml).
© 2013 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
The Bacillus genus belongs to aerobicmicroorganisms, gram-
positives and saprophytic that formendospores. They growwell
in a simple medium and produce hydrolytic enzymes, such as
protease,mannanase and glucanase, independent of the culture
medium used [1–4].
Microbial protease constitutes one of the most important
groups of industrial enzymes that cater to the requirements
of nearly 60% of the world enzyme market [5]. Of these,
the alkaline proteases are of interest, from a biotechnological
perspective, and numerous applications in the food industry
(the meat tenderization process), peptide synthesis (for infant
formula preparations, baking and brewing) can be found.
Furthermore, they are used in pharmaceutical and medical
diagnoses, in the detergent industry as additives, and in
the textile industry in the process of dehairing and leather
processing [6,7].
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are produced by the cultivation of bacteria, such as Bacillus
sp [8,9]. Over 300 tonnes of enzymes, mainly proteases, are
annually produced from Bacillus sp. Microbial proteases play
an important role in biotechnological processes [1], and they
are gaining more importance over conventional chemicals that
cleave peptides because of their cheaper production costs and
use of renewable resources. Microbial proteases can be pro-
duced frombacteria, fungi and yeast. Bacteria of the genus Bacil-
lus are active producers of extra cellular alkaline proteases [10].
A large proportion of commercially available alkaline proteases
are derived from Bacillus strains [11,12] due to their high pHand
temperature stability. Alkaline proteases belong to the group of
proteases that have either a serine center or are of a metallo-
type; exhibiting a wide range of pH 6–13. Among these are the
serine proteases, with industrial importance [6].
Proteases with high activity and stability at high alkaline
ranges and high temperatures are interesting for bioengineer-
ing andbiotechnological applications. Theirmajor application is
in the detergent industry, because the pH of laundry detergents
is generally in the range of 9–12, accounting for about 35% of
total microbial enzyme sales [13,14]. It is reported that in the
year 2005, the global proteolytic enzyme demand for protease
was increased dramatically to 1–1.2 billion dollars [15].
The aim of the present work is to produce protease by Bacil-
lus licheniformis cells immobilized on chitosan, corn cob and
corn tassle and to optimize enzyme production conditions.
evier B.V. Open access under CC BY-NC-ND license.
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2.1. Bacterial strain
The organism used was B. licheniformis ATCC No. 21424
obtained from IROST (Iranian Research Organization for Science
and Technology).
2.2. Immobilizing agents
Chitosan was obtained from Merck Co., and a 5% solution of
chitosan was prepared using 2% acetic acid. Corn cobs were cut
into pieces and corn tassel portions used separately or along
with cut corn cobs.
2.3. Inoculum preparation and protease production
Inoculumwas prepared by adding a loop full of pure culture
to 25 ml of sterilized nutrient broth under aseptic conditions.
The broth culture was diluted with the appropriate broth to ob-
tain the Optical Density (OD) at 600 nm. 10% inoculum from this
culture was added to the protease productionmedium contain-
ing: Glucose 6%, Soybeanmeal 2%, CaCl2 0.04%, andMgCl2 0.02%.
Media were autoclaved at 120 °C for 20 min [16]. After an incu-
bation time of 72 h at 37 °C under shaking conditions (140 rpm),
the culture was centrifuged and the supernatants were used for
estimation of proteolytic activity.
2.4. Assay of proteolytic activity
Protease activity was determined by a modified method
using casein as the substrate. 0.5 ml of enzyme solution was
added to 4.5 ml of the substrate solution (1%v/v, casein with
50 mM Tris-HCL buffer, pH 8) and incubated at 30 °C for
30 min. The reaction was stopped by adding 5 ml of 5% TCA
(Trichloro acetic acid) mixture (5%TCA, 9%Na-acatate, 9% acetic
acid) followed by 30 min holding at room temperature and
centrifugation at 8000 rpm for 20 min [10]. The precipitates
were removed by filtration throughwhatman-1 filter paper and
the absorbance of the filtrate was measured at 660 nm. One
unit of protease activity was defined as the amount of enzyme
liberating 1 µg of tyrosine per min under assay conditions.
Enzyme units were measured using tyrosine solutions (0–100
mg) as standard [13].
2.5. Growth rate and protease production
The kinetics of growth rate and enzyme production were
followed at different time intervals (Figure 1). The microbial
culture was inoculated in production medium and incubated
at 37 °C under shaking conditions (150 rpm). Culture samples
were withdrawn aseptically every 5 h, and cell density, along
with enzyme activity, was monitored, as described above.
2.6. Optimization of production medium and protease production
condition
The effect of pH on protease production was determined
by growing bacteria in fermentation media of different pH
(6.6, 7.6, 8.6) at 150 rpm and 307 C, using appropriate buffers
(Figure 2). The effect of temperature on protease production
was studied by growing bacteria in fermentation media set
at different temperatures (25–55 °C) at 150 rpm and pH =
7.6. The effect of agitation speed on protease production was
studied by incubation bacteria in fermentation media at 37 °C,
pH = 7.6 under shaking conditions; 100, 130, 150, 180,
200 rpm.Figure 1: Growth kinetics of B. licheniformis for production of protease.
Figure 2: Effect of different pH on enzyme activity.
2.7. Immobilization of cells using Chitosan
500 ml of chitosan solution (5%) 100 ml 1M NaOH was
sterilized by autoclaving. The chitosan solution was transferred
into a sterile syringe and added drop-wise into the NaOH
solution, along with stirring using a magnetic stirrer. Beads of
almost 3 mm diameter were formed. The beads were washed
with sterile water a few times to remove extra NaOH and
were added to a 500 ml flask containing nutrient broth, buffer
solution and sufficient amounts of microbial suspension (to
obtain an OD of 0.2). Another flask with the same materials,
without chitosan beads, was prepared as blank. Flasks were
incubated at 37 °C, 140 rpm for 24 h. The blank was tested
for OD measurement and suspended beads in the sample were
separated, washed and used to inoculate the main culture
media to produce the enzyme. At 20–50 h intervals, samples
were taken to assay the enzyme activity, ODmeasurements and
percentage of immobilized cells.
2.8. Immobilization of cells using corn cobs and corn tassel
Small pieces of corn cob and tassel (prepared as described
before) were soaked in distilled water separately and auto-
claved. Then, they were added into two 500 ml flasks contain-
ing nutrient broth, buffer solution and sufficient amounts of
microbial suspension (to obtain an OD of 0.2). Another flask
with the same materials, without chitosan beads, was pre-
pared as blank. The flasks were incubated at 37 °C, 140 rpm
for 24 h. The blank was tested for OD measurement and sus-
pended beads in the sample were separated, washed and used
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chamber.
% of immobilized
cell
No.of bacteria/µg
after 24 h
No.of bacteria/µl
of blank
Carriers
65% 4 10 Corn cob
60% 3–4 10 Corn tassel
33% 8 12 Chitosan
Figure 3: Immobilized enzyme activity on corn cob, corn tassel and Chitosan.
to inoculate the main culture media to produce the enzyme. At
20–50 h intervals, samples were taken to assay the enzyme ac-
tivity, OD measurements and percentage of immobilized cells.
The Neubauer cell counting chamber was used [18] (Figure 4).
3. Results and discussions
3.1. Enzyme activity and growth rate
In Figure 1, the enzyme activity of B. licheniformis bacteria
and cell growth are exhibited. The enzyme activity increased as
the incubation times increased. Growth rate increased sharply
with increasing incubation times. The highest value of growth
was achieved after 72 h of incubation.
The proteolytic activity increased with cultivation time, and
reached the highest value (176.7 U/ml) after 72 h of incubation
at 37 °C and pH 7.6.
3.2. Effect of ph and temperature on enzyme activity
By studying the effect of pH, it was revealed that maximum
enzyme production was obtained at pH = 7.6 at 37 °C and
150 rpm. In Figure 2, protease activity decreased above pH =
9.0. In previous work [17], the optimized temperature for
production of protease was determined as 30 °C, the pH ranges
were used as 7–11, and the maximum production of protease
was obtained at pH = 10. The optimized temperature for
enzyme activitywas obtained at 37 °C at 150 rpmandpH = 7.6.
The optimized agitation speed in our work was 150 rpm, at
pH = 7.6, (data are not shown).
3.3. Selection of the best carriers
In Table 1, the percentage of immobilized enzyme is shown;
corn cob exhibited the highest percentage of immobilized
enzyme.Figure 4: Neubauer counting chamber.
Table 2: Immoblized enzyme activity in different carriers after 20 h
incubations.
U/ml enzyme
activity
µg Tyrosine
equivalents
released
OD (660nm) Carriers
91.67 54.45 0.55 Corn cob
21 12.47 0.126 Corn tassel
0.83 0.5 0.005 Chitosan
Table 3: Immoblized enzyme activity in different carriers after 50 h
incubations.
U/ml enzyme
activity
µg tyrosine
equivalents
released
OD (660 nm) Carriers
119.67 71.09 0.718 Corn cob
23.33 13.86 0.140 Corn tassel
10 5.94 0.06 Chitosan
In Figure 3, immobilized enzyme activity on corn cob, corn
tassel and chitosan are shown. Tables 2 and 3 show enzyme ac-
tivity in different carriers, after 20 and 50 h of incubation. No
research was found using corn cob and corn tassel to immobi-
lize cells in the production of alkaline protease. Related work
reports: Immobilization of Enzymes into a Polyionic Hydrogel:
Chitosan [19]. This study confirmed that the lipase modified
the external and internal structure of the hydrogel from fib-
rillar to the formation of globular structures in the presence of
lipases. Giaveno et al. [20] immobilized acidthiobacillus ferroox-
idans cells on chitosan beads for biological ferrous sulfate ox-
idation in packed beds. Partially purified neutral protease was
entrapped in calciumalginate beads and characterized using ca-
sein as a substrate by Magnin et al. [21]. In another work by
Xin et al. [22], the macromolecular proteins of rapeseed meals
were hydrolyzed by immobilized protease from B. licheniformis
into small molecules, such as polypeptides or amino acids. In
recent work, commercial alcalase was successfully entrapped
in dimethyldimethoxysilane (DMDMOS) and tetramethoxysi-
lane (TMOS), yielding sol–gel preparations with a high degree
of immobilization. The sol–gel immobilized alcalase could be a
promising candidate for the development of a highly effective
set-up for the production of biologically active peptides [23].
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Cell immobilization is a technique that restricts the free
movement of microorganisms in the process, and it has many
advantages, including the realization of the biotechnologists’
dream of using continuous systems in fermentation processes.
This work describes the production and immobilization of
alkaline protease from B.licheniformis, using different carriers,
such as chitosan, corn cob and corn tassel in order to immobilize
the cell of B.licheniformis on these carriers. Corn cob with
65% immobilization capacity and highest enzyme activity was
selected as the best carrier. Considering the properties of this
enzyme (such as high activity and stability in alkaline pH), B.
licheniformismay find potential application in various industrial
fields.
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